BACKGROUND
Smoking remains the leading preventable cause of death in the United States. 1, 2 Despite the availability of effective treatments for tobacco dependence, most quit attempts fail, with only one-third of smokers using treatment. 3 The healthcare system could help to bridge this treatment gap. Physician-delivered interventions are effective, but not routinely provided.
3,4 A physician's brief advice to quit at an office visit increases smoking cessation rates, but only half of smokers who see a physician each year recall receiving this advice. 3 Furthermore, most smokers need more than advice to quit. Brief physician counseling plus referral and follow-up for additional care is more effective, but this is even less often provided. 5, 6 National clinical guidelines recommend that physicians routinely screen patients for tobacco use, advise smokers to quit, and assist them with treatment. 4 Physicians' compliance with these guidelines is limited by a lack of training, perceived lack of skills, and time constraints due to competing priorities at visits. 4, 7 A new model for tobacco treatment is needed. Ideally, it should include coordination of care across elements of the healthcare system, linkage to community services, and enhanced patient access. 8 We and others have developed models of tobacco treatment that incorporate some of these elements. [9] [10] [11] [12] [13] [14] We tested a set of enhanced electronic health record (EHR) functionalities to improve tobacco treatment delivery by primary care providers (PCPs). These functionalities increased smokers' rate of accessing counseling, but PCPs used the tools infrequently. 14 Another system facilitated referral of smokers to a tobacco care coordinator based within the healthcare system, 9 while other investigators facilitated referral of smokers from a PCP's office to a community-based telephone quitline, located outside the healthcare system. [10] [11] [12] [15] [16] [17] [18] This prior work demonstrates that integrating referrals into the EHR has the potential to improve delivery of tobacco treatment and warrants further study.
Using elements from these models, we designed a new Tobacco Care Management system and implemented it at two community health centers affiliated with our integrated healthcare delivery system. The sites were chosen because they serve low-income patients who have a high smoking prevalence in national surveys. 19 We evaluated the feasibility and acceptability of the care management system during the first 18 months of implementation. We assessed smokers' uptake of connections to treatment resources, and PCPs' utilization, satisfaction, and experiences with the system.
METHODS

Study Setting and Subjects
Two community health centers (Health Centers 1 and 2) in Boston, Massachusetts, with a total of 36 PCPs, including 21 faculty physicians (MDs), three nurse practitioners (NPs), and 12 physician trainees, participated in the study between February 1, 2010 and July 31, 2011. Each health center is affiliated with an academic medical center in the Partners HealthCare System. The study was approved by Partners HealthCare System's Institutional Review Board.
Both health centers use a locally-developed electronic health record (EHR), which includes progress notes, laboratory results, medication lists, electronic prescribing, and clinical reminders, including a reminder to record smoking status. A screen for documenting smoking status in a coded field can be accessed by all staff. At the start of the study, 57 % of patients with recent visits had a smoking status documented in a coded field and 18 % of those documented (10 % of all patients) were current smokers.
Intervention
We designed the Tobacco Care Management system to function within existing practice infrastructure and workflow. From our previously tested EHR functionalities, we selected the most popular feature, one-click referral to tobacco treatment. 14 We streamlined this feature and incorporated elements of a Veteran's Affairs system, such as the internal tobacco care coordinator (TTC). 9 With the new Tobacco Care Management system, when PCPs document patients' tobacco use, they can refer smokers to a TTC located centrally in the healthcare system with one mouse-click (Fig. 1) . Clicking the referral option generated an email to a TTC, who proactively called the patient up to three times. Those patients who did not answer received a voice message identifying the caller from Partners Healthcare System regarding a referral from their doctor, with a call-back number that accepted voice messages. For those who were reached, the TTC conducted an assessment, including screening for medication contraindications, provided brief counseling, and offered to connect the patient to more intensive treatment services. Intensive services included multi-session telephone counseling and two weeks of nicotine patches provided free from the state quitline. In-person counseling was also available through the healthcare system.
The TTC recorded the outcome of the referral in an electronic database of referred smokers, entered a note in Figure 1 . One-click option to refer to a tobacco treatment coordinator.
the EHR and emailed feedback about the smoker to the PCP, including medication recommendations and whether the smoker was connected to the quitline or local resources. The internal TTC model allowed two-way communication with the primary care team about medication management and counseling.
After obtaining practice leaders' agreement to participate in the study, research staff trained PCPs at one session held at each health center prior to implementing the functionality. The TTC demonstrated how to make the referral and explained what she would do after receiving a referral, what treatment resources she would offer, what would be documented in the EHR and what feedback would be provided to PCPs. We did not specify which types of smokers PCPs should refer in terms of readiness to quit, because we wanted to give PCPs the option to decide who might benefit from the service. During the intervention period, PCPs and practice leaders could also contact study staff or the TTC with questions about the system or specific patients. The TTC sent a performance report of the number of referrals made each month by PCPs in each health center to the respective medical directors. Without prompting by study staff, the medical director at Health Center 1 forwarded the monthly performance report to all PCPs at that health center. The medical director at the Health Center 2 did not distribute the report. There was no further proactive training or detailing beyond the pre-implementation session and the monthly feedback reports sent to medical directors.
Assessment
Quantitative. We used EHR records to measure demographic characteristics and health insurance of patients identified as smokers who were seen at the health centers during the study period, and the proportion of those who were referred using the one-click functionality. Using TTC records, we measured the outcome of the TTC's efforts to contact referred patients, including the number of call attempts, the number of patients reached by telephone, and the number who accepted referral to further tobacco treatment services.
Qualitative. We evaluated PCPs' experiences and satisfaction with the Tobacco Care Management system by conducting two one-hour focus group discussions, one at each participating health center, in June 2011. Study staff moderated the focus groups using a semi-structured interview guide and audio-recorded them for transcription. Content areas of the guide were PCPs' reasons for use, patient selection, barriers to use, and experience with programmatic feedback.
Analysis
Quantitative. To quantify utilization of the Tobacco Care Management system, we calculated the average number of referrals per PCP, and adjusted for differences in the number of sessions worked by individual PCPs per full-time equivalent (FTE). We also measured the proportion of known smokers seen during the study period who were referred using the one-click option. We compared smokers who were referred to smokers who were not referred by demographics and insurance status using chi-square and unpaired t-tests. We also report the number of calls made by the TTC, the proportion of patients reached by telephone, and the proportion of patients connected to further treatment.
Qualitative. We performed content analyses of the transcripts and notes from the focus groups using a multistep process. Two investigators (JKK and GRK) individually reviewed the transcripts before manually structuring the data into major themes. Coding was conducted within each theme. Coding results were compared and any discrepancies were resolved through discussions and review of raw data (JKK, GRK, and ERP).
RESULTS
Primary Care Provider Utilization of the Referral Functionality
Over the 18-month study, 2,894 known smokers made 28,032 visits to the health centers, representing 16 % of all visits. Characteristics of the known smokers differed by health center. Compared to Center 2, Center 1 had a lower proportion of known smokers who were non-white (14 % vs. 65 %, p< 0.0001) and on Medicaid (27 % vs. 42 %, p<0.0001). A total of 466 referrals to the TTC were made for 422 unique smokers (15 % of all known smokers seen). Forty-two smokers were referred multiple times. Smokers who were referred did not differ by age, gender, race/ethnicity, or insurance from smokers who were not referred (Table 1) .
Of 36 PCPs with access to the one-click referral, 29 (81 %) used it more than once, four PCPs (11 %) used the functionality only once and three PCPs (8 %) never used it. The mean number of referrals among PCPs who used it more than once was 16 referrals over 18 months. The number of referrals varied substantially by health center and PCP. Health Center 1 made 41.6 referrals per FTE, whereas Health Center 2 made 17.9 per FTE. In terms of individual smokers, PCPs at Health Center 1 referred a higher proportion of known smokers (18 %; 325/1,830) than did Health Center 2 PCPs (9 %; 97/1,064) (p<0.0001). Four frequent users, all from Health Center 1 and who were receiving the monthly performance reports from their medical director, made from 41 to 67 referrals representing 20 to 24 % of the smokers they saw. We had limited access to PCP characteristics that may be associated with utilization; besides characteristics already mentioned, PCPs' gender did not differ by health center (55 % female at both sites).
Outcome of Referrals Made
The TTC made 1,064 calls and reached by telephone 9 % of known smokers or 260 (56 %) of the 466 referrals. The proportion reached did not differ by health center (55 % at Center 1 versus 58 % at Center 2, p=0.65). The median time from receipt of referral to first call attempt by the TTC was 4 days (IQR 5); 84 % of referrals were called within 1 week. Among the 206 referrals not reached, 23 (11 %) had no working number and 183 (89 %) were not reached after three attempts. Of those reached by the TTC, 135 (29 % of referrals) agreed to be connected to additional treatment services (Fig. 2) .
PCP Focus Groups
Twenty-four (67 %) of 36 PCPs attended and participated in focus group discussions. There were 14 women and ten men, including one trainee.
Reasons for Using the One-Click Referral Functionality. All PCPs felt the one-click option was easy to use, especially compared to other ways of accessing tobacco treatment, and that this option made it easy to keep track of available smoking cessation resources. As one PCP explained, "I find it almost impossible to keep track of what the local resources for smoking are, except for the one-click which is really simple." Most PCPs used the one-click to offer further treatment to smokers, but not to replace their own efforts. Others used the one-click option when they did not have enough time to discuss smoking cessation themselves.
Types of Smokers Referred. Although PCPs collectively thought the referral option was useful, they differed in the types of smokers that they referred in terms of readiness to quit. Some used it as a way to encourage smokers to think about quitting or commit to a quit date. Others referred only smokers who had a quit date, to follow-up on the quit attempt.
Barriers to Use. PCPs were discouraged when patients they referred were not reached by the TTC, or declined services once they were reached. Some PCPs wanted more information about whether their referral was helping the patient. They thought information about cessation outcomes for the referral system would motivate their use.
Experiences with Feedback. The monthly performance report that was forwarded by the medical director to Health Center 1 PCPs was identified as a reason for making referrals. As one PCP explained, "We get an excel spreadsheet about who is using it and who is not. I think that is an incentive to use it…peer pressure."
Comments of Frequent Users. The frequent users noted how the one-click option and email feedback from the TTC fit conveniently into their workflow. Their comments did not differ from lower volume users in the types of smokers referred or their disappointment when patients were not reached.
Although improvements were suggested, PCPs collectively thought the system should be continued. 
DISCUSSION
This technology-enhanced Tobacco Care Management System offers a promising solution to the challenge of under-treatment of tobacco dependence in primary care. The system allowed PCPs to enlist another provider in assisting patients to quit smoking, largely by linking them to a telephone quitline, a resource that is available free to smokers nationwide. This was accomplished with little burden or disruption of providers' workflow during office practice. As evidence of the systems' acceptability, over 80 % of PCPs used the EHR functionality more than once, and PCPs who received feedback about their performance compared to peers made more referrals. Overall, PCPs referred 15 % of all the known smokers that they saw during the study period. This is within the range of referral rates of smokers to telephone counseling (4 % to 21 %) achieved by care management systems that facilitated referrals directly to community-based quitlines. [10] [11] [12] Given the impact of smoking cessation on individual patients' health, increasing smokers' contacts with effective treatments has large implications for patients. A distinctive feature of our system, like that implemented in a veteran population, is the location of the TTC within the healthcare system, with full access to medical records. 9 This feature allows for coordination between the TTC and the primary care team, and offers two-way communication about referral outcomes and medication. The central location of the TTC also makes the program scalable within a healthcare system to multiple centers with little additional investment. An alternative strategy is to have the PCP refer directly to the community-based quitline. [10] [11] [12] [13] [16] [17] [18] While direct referral has advantages in efficiency, existing systems have limited two-way communication with the PCP regarding smokers' treatment preferences and outcomes. The impact of this could be moderated with enhanced feedback from the quitline.
The TTC reached 56 % of patients referred, a rate comparable to that achieved by the one other system which has used an internal care coordinator (61 %), but our rate of connection to additional treatments was lower (29 % versus 45 %). health center. Similar to prior studies, PCPs recognized the performance report as one reason they used the referral system. 10 Feedback increased the number of referrals made, and this translated into more smokers connected to treatment.
PCPs were discouraged when smokers were not reached or declined treatment. As mentioned, this may partly be due to referral of some unmotivated smokers. The TTC's message could easily be tailored to patients' readiness to quit, and incorporate novel methods to move unmotivated smokers towards quitting, such as a "practice quit attempt." This might increase the proportion of smokers accepting assistance and ultimately impact quit rates. 21 Clarifying that the TTC can help all types of smokers, and reframing the feedback regarding referral outcomes to give context to expectations for rates of successful contact and treatment, may mitigate PCPs' discouragement.
Efficient use of the one-click referral option requires smoking status to be documented in a coded field in the EHR. At the time of the study, only 57 % of patients had smoking status documented in this way. Promoting structured documentation of tobacco use has been a challenge for our large, diverse system, but it is improving with the inclusion of smoking status documentation among the federal government's meaningful use standards for EHRs. 22 This should improve the reach of our system to all smokers in the healthcare system in the future. Verifying the status of patients without structured documentation is beyond the scope of this analysis, and we do not know how the proportion of known smokers differs from the actual proportion of smokers in the health centers.
Our study has several limitations. First, because the study was conducted in two community health centers that are part of an integrated healthcare delivery system, the generalizability of the findings to different populations, clinic types, and healthcare systems is uncertain. However, we believe that the system's simplicity should facilitate its dissemination. Furthermore, despite a relatively low smoking prevalence (14 %), Massachusetts resembles other states in treatment availability and use. 19 Smoking cessation treatments are not universally covered by insurers and the Massachusetts quitline is underused by its population. Second, due to resource limitations, we could not assess the impact of the care management system on abstinence. Fortunately, there is strong evidence for the real-world effectiveness of telephone counseling and quitlines. 23, 24 Finally, the implementation included minimal training and detailing with a single session per clinic. We did not control other aspects of implementation so that, other than the performance feedback described at focus groups, we are limited in our ability to explain how other elements of implementation contributed to the differences in utilization.
CONCLUSIONS
A technology-enhanced Tobacco Care Management system was feasible and acceptable to PCPs at two community health centers. Our system functioned in a diverse, integrated healthcare system, and PCPs offered it to all types of smokers, including those less motivated to quit. The design, with its simple EHR enhancement and centrally-located tobacco treatment coordinator, is a promising system of integrated care that could be implemented in other healthcare systems that are developing new models for chronic disease management.
